Following intravenous administration, the myocardial concentration of tracer thallium-201, potassium-43, and rubidium-81 were determined in mice; thallium was present in the greatest concentration in the myocardium (2.08C compared 1.25% for potassium and 1.15% for rubidium at 10 minutes). The regional myocardial distribution of thallium-201 was determined in dogs under conditions of normal flow, and total occlusion, and compared with potassium-43 (r = 0.97). The regional distribution of thallium-201 was compared to microspheres under conditions of partial occlusion and reactive hyperemia (r = 0.97). Thallium-201 was evaluated in a series of phantom scans, which demonstrated that the low energy X-ray of thallium was suitable for imaging. These results suggest that thallium-201 can be used for the evaluation of the distribution of regional myocardial perfusion.
THALLIUM, a metallic element in group IIIA of the periodic table, has properties that closely resemble potassium in biological systems. Thallium can substitute for potassium in the activation of pyruvate kinase,' and activate the Na-K ATPase system.2 Thallium differs significantly from potassium in that it is poisonous to mammalian species in a dose of approximately 20 mg/kg. The biological similarity of potassium and thallium suggested to Kawana et al. 3 that tracer quantities of thallium may be used to image the myocardium. Lebowitz et al. performed myocardial scans in the goat which clearly demonstrate that thallium is concentrated in the mammalian myocardium to a sufficient degree to permit imaging.4 This report examines the relationship of the regional myocardial distribution of tracer thallium to that of potassium and microspheres in animals and details results of studies to define the best parameters for imaging.
Nuclear imaging ionic thallium-201 (TlCl) was supplied as a sterile, pyrogenfree radiochemical in 0.9% saline at pH 5-6 in a specific activity of 225 mCi/mg;* 2) ionic potassium-43 (KCl) was obtained as a carrier-free, sterile, pyrogen-free radiopharmaceutical in 0.9% saline;t 3) ionic rubidium-81 was obtained as a carrier-free, sterile, pyrogen-free radiopharmaceutical in 0.9% saline;t 4) carbonized 8,u microspheres labeled with either strontium-85 or chromium-51 ' in a specific activity 10 mCi/g suspended in dextran.
Mice
The tissue distribution of tracer thallium was determined as a function of time in a series of 30 mice. The mice were divided into groups of three, and sacrificed at intervals of 2, 5, 10, 20, 30, 60, and 120 minutes following the intravenous administration of ljuCi of thallium in 0.1 ml saline. The concentrations of tracer in the heart, lungs, liver, blood, kidnevs, and carcass were determined as a percent of the injected dose/organ in a scintillation well counter. Similar experiments were carried out with 43K and 81Rb.
Dogs
Seven 20 kg adult mongrel dogs were anesthetized with pentobarbital, intubated, placed on a pump respirator, and underwent left lateral thoracotomy in the fourth interspace. The pericardium was incised, and retracted. The left anterior descending coronary artery was ligated with 3-0 silk just above the first diagonal branch. Xylocaine 50 mg was administered intravenously prior to ligation to control arrhythmias. Thallium-201 (500,uCi) and potassium-43 (500,Ci) were administered intravenously 5 minutes after ligation. Scans of the regional myocardial distribution of tracer were performed in four dogs ( fig. 1 ). Five to 30 minutes after tracer administration, the dogs were sacrificed and sections taken from the myocardium for determination of the concentration of each tracer. *Philips-Duphar Co., Petten, Holland.
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In the four dogs with partial occlusion of a coronary artery as measured by electromagnetic flowmeter, the regional distribution of thallium is compared to microspheres (table 2A) . The correlation coefficient for these determinations is 0.97.
In the two dogs with reactive hyperemia, there was a definite increase in the thallium concentration in the hyperemic area, but not to the same extent as flow (table 2B) .
Circulation, Volume 51, April 1975 The results of the phantom experiments for the three scintillation camera systems are summarized in table 3. The greater the value of Q, the better the resolution and the easier to interpret the images. Regional nmyocardial distribution of thallium-201 and potassiurn-43 in seven dogs with ligation of the left anterior descending coronary artery (24 sections of tissue). Data is expressed as the ratio of activity in the section of left ventricle to that of the right ventricle. 643 1.4 circumstances of normal flow, and partial and total occlusion of the coronary artery. Although thallium is increased in regions of increased flow, it is not increased to the same extent as perfusion in reactive hyperemia. This is a significant difference between the behavior of tracer thallium and tracer potassium. Prokop et al.5 reported that there was no significant increase in the concentration of potassium during reactive hyperemia. It is possible that at increased flow, thallium actually follows flow to a greater extent than these experiments would indicate. Thallium requires a short but finite time to clear from the blood and enter tissues. The alteration in flow induced by reactive hyperemia is transient and may be restored to normal while the thallium is still being cleared from the blood. This would give the impression that less thallium is entering the tissues than the microspheres, which enter during the first circulation.
Thallium appears to concentrate in the myocardium to a greater degree than potassium and rubidium, 2.08% compared to 1.25% and 1.15% respectively at 10 minutes, which is the time most commonly employed for imaging. This suggests that the number of photons available for imaging the heart from thallium would be greater than that with potassium or rubidium. This is not the case, since the number of photons available for imaging depends on 
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the physical properties of the tracer itself, as well as the extent of localization. Table 4 compares some of the physical properties of these myocardial imaging tracers. One of the most important differences between thallium and potassium or rubidium is the fact that only lower energy photons and X-rays are emitted in the decay process. This fact makes it possible to employ high resolution low energy collimators with either the rectilinear scanner or scintillation camera to image this tracer, while imaging either potassium or rubidium. requires high energy lower resolution collimators.6' 7 8 Although the work of Martin et al.6 suggested that the scintillation camera could be employed to image tracer rubidium, the shielding involved was cumbersome to use, and the images were not uniformly of high quality. Thallium, on the other hand, can be imaged with the scintillation camera, using available collimators, with good results. Thallium images can be obtained from the gamma radiations or from the X-rays which result from decay of the nuclide. Since the X-rays are more abundant, and the resolution with the two high resolution scintillation camera systems tested was satisfactory with the narrower window, the X-ray appears to be the optimal method of imaging this tracer. Other advantages of thallium-201 over potassium and rubidium are its longer half-life, which permits a supply of tracer to be available with delivery only once a week, and lower total body radiation burden to the patient. Thallium-201 appears to possess a combination of physical and biological properties that make it a very attractive tracer for the evaluation of regional myocardial perfusion in man.
